Abstract The study was aimed at assessing the quality of pumpkin (Cucuribita Spp.) slices that were subjected to pre-drying treatments and drying using two drying methods (uncontrolled sun and oven) fruit accessions. Pre-drying had significant (P≤0.05) effect on the quality of dried pumpkin slices. 10 % salt solution dipped pumpkin fruit slices had good chemical quality. The two-way interaction between drying methods and predrying treatments had significant (P ≤ 0.05) effect on chemical qualities. Pumpkin subjected to salt solution dipping treatment and oven dried had higher chemical concentrations. Among the pumpkin fruit accessions, pumpkin accession 8007 had the superior TSS, total sugar and sugar to acid ratio after drying. Among the three pre-drying treatment, salt solution dipping treatment had significant (P≤0.05) effect and the most efficient pre-drying treatment to retain the quality of dried pumpkin fruits without significant chemical quality deterioration. Salt dipping treatment combined with low temperature (60°C) oven air circulation drying is recommended to maintain quality of dried pumpkin slices. However, since direct sun drying needs extended drying time due to fluctuation in temperature, it is recommended to develop or select best successful solar dryer for use in combination with pre-drying salt dipping or blanching treatments.
Introduction
In Africa, farmers produce pumpkin in their gardens together with cereals, in farms near fences for the plants to easily creep on fences and houses, marginal or waste land, on decaying hay and heap of cow dung. Pumpkin cultivars that are being produced by farmers are not yet well identified and characterized. Suitable agro-ecologies for pumpkin cultivation aiming at better performance of cultivars, suitable fruit quality and seed storage methods for the extension of their shelf life and for different fruit utilization as a food was not well studied. There are wide variations in fruit size, weight, shape, color, vine length and branching, leaf size, overall fruit subjective and chemical qualities and seed size among varieties that are under utilization in African countries such as Ethiopia.
In Ethiopia, pumpkins are widely grown for their fruit utilization that are effectively and efficiently being used for stew preparation to be consumed with Ethiopian traditional spongy thin-layer bread (injira) made from cereal grain called teff. The other most important food product from pumpkin fruit is dried pumpkin which is called 'Duba quanta' although the effects of drying are not studied. This dried product is used for making delicious stew called 'Duba Wett' and highly used during the period of food scarcity. Pumpkin is a seasonal crop that has been used for human food. Thus, drying can be a useful preservation technique for the storage of pumpkin for long period.
The dried pumpkin can be stored for a long period of time due to low activities of microorganisms and enzymes resulting from lower water activities in the final dehydrated products compared to fresh once (Alibas 2007) . This leads to high shelf life which contributes to food security. Predrying treatments like blanching and dipping in salt solution could also be used to improve quality. Pre-drying treatments could be used to preserve color and flavor, minimize nutrient loss, stop decomposition (enzyme action), and ensure more even drying and to extend storage the shelf life of pumpkin (Alibas 2007) . Similarly, blanching is carried out to improve food quality by inactivating enzymes, reducing microorganisms and preserve the natural color when pumpkin after blanching is subjected to drying (Brennand 1994) . Although, traditionally in Ethiopia consumers pre-treatment and sundry pumpkin fruit aiming at long term storage for use during off season as part of food security schedule, there is no drying research activity. These implicated the need for research on the effects of two pre-drying treatments (blanching and salt water dipping) and two drying methods (sun and oven) on the chemical quality of pumpkin fruit slices. The objective of this study is, therefore, to evaluate the effects of pre-drying treatments and methods of drying on some chemical qualities of pumpkin fruit.
Materials and methods
Sample production The pumpkin fruits with their viable seeds were collected from the Jijiga, Dire-Dawa, Kulubi, Harar and Lange market based on their morphological characteristics and variation by taking growing areas in to consideration. Twenty pumpkin fruit accessions collected from eastern Ethiopia with the reference codes of 8007, 7607, 4707, 4007, 5207, 7807, 3607, 8807, 1907, 8307, 1407, 6907, 3407, 7207, 2807, 7107, 3907, 9107, 7707 and 1307 were used for the study. Then, these 20 accessions were grown in the Haramaya University Research Farm during the main growing season. All the 20 pumpkin accessions were produced in the same experimental plot in three replications. The Haramaya University is located at latitude of 9°26
′ N and longitude of 42°03′east and an altitude of 1,980 m.a.s.l. The rainfall of the area is bimodal (in April and August) type with an average annual rainfall of 790 mm. The mean annual temperature is 17°C with mean minimum and maximum temperatures of 3.8 and 25°C, respectively. The mean relative humidity is 50 %, varying from 20 to 81 % and the soil type of the area is well-drained deep clay loam type. After maturity of the fruits 20 pumpkin accessions were used for fresh fruit quality assessment. Samples of three fruits from each accession were taken for the analysis.
Experiment design
The experimental design consists of 20 pumpkin accessions, three pre-drying treatments (blanching, salting and control (untreated)) and two drying methods (oven and sun drying). 300 g of slices were used for each treatment replications. The experiment was conducted in split plot with three replications. The two drying methods were used as the main plot while the two pre-drying treatment by 20 pumpkin fruit accessions treatment combinations were used as the sub plot. From the three fruits that were randomly selected from each accession, three fourth was taken from each of the three fruits, sliced and mixed together. Then, 300 g of pumpkin fruit slices were weighed and subjected to the three pre-drying treatment (salting, blanching and control) for both drying conditions (oven and sun).
Sample preparation Three mature fruits were randomly selected from each 20 pumpkin fruit accessions. The fruits were washed, peeled and chopped into uniform strips of 2.54 cm. The fiber and seed were scraped off. The peeled strip was then cut into uniform slabs of 40 mm length, 20 mm width and then sliced into 5 mm thickness (Are'valo-Pinedo and Fernanda 2006) . Pumpkin slices were weighed and blanched in water at 60°C blanching temperature for 1 min in a constant temperature hot water bath. After blanching, the samples were drained and the slices were spread for drying (O'Dell 1999) . On the other hand, other groups of pumpkin slices were weighed and then dipped in a 10 % salt solution for 10 min. The slices were drained well and spread for drying using two drying conditions (oven and uncontrolled sun drying) (Mayor et al. 2006) .
Drying Three hundred grams of sample slices were used in each treatment. The samples were arranged in a single thinlayer and were removed every 2 h for weighing during drying in an oven at 60°C and uncontrolled sun drying until the moisture content of the dried pumpkin slices become 10 %. The relative humidity of the ambient air during drying was measured by the hygrometer (model No. 8612, sensitivity±1.09). The relative humidity varied between 20 % and 43.5 % while remained to be 6.5 % for open sun drying and oven drying, respectively. The dry-bulb temperature was measured using the same hygrometer and was varied between 20.2 and 30.2°C for sun drying and kept constant at 60°C for oven drying, respectively.
Initial moisture content Initial moisture content of pumpkin fruit was determined by oven drying method using samples of fresh pumpkin weighing 100 g at 70°C until the weight of the dried sample became stable according to the procedure of AOAC (1984) .
Total soluble solids The total soluble solid (TSS) of dried pumpkin fruit was determined following the procedures as described by Awole et al. (2011 ), Tigist et al. (2011 . The dried pumpkin fruit was rehydrated back to its initial moisture content using the methods of Dahlman and Forst (2001) . An aliquot of juice was extracted from the re-hydrated pumpkin fruit using a juice extractor. Then, 50 ml of the slurry was filtered using cheesecloth. The TSS content was determined by Abbe refractrometer with a range of 0-32 ○ Brix by placing one to two drops of clear juice. The refractrometer was washed with distilled water and dried before use and between each sampling. The refractrometer was standardized against distilled water (0 % TSS).
pH values The pH value of dried pumpkin fruit was measured using the method of Nunes and Emond (1999) . An extract of an aliquot of juice was extracted from the rehydrated pumpkin fruit slices and filtered with cheesecloth. Then, the pH value of the pumpkin fruit juice was measured using the Metrohn 691 pH meter.
Titratable acidity Total titrable acidity (TA) of the pumpkin fruit was measured according to Maul et al. (2000) . The decanted clear juice was used for the analysis of TA. The TA was expressed as percent citric acid by titrating 10 ml of rehydrated dried fruit juice with 0.1 N NaOH to pink end point (persisting for 15 s.).
Ascorbic acid Ascorbic acid (AA) content was determined by the 2, 6-dichlorophenol indophenols methods (AOAC 1970 ). An aliquot of 10 ml of rehydrated dried pumpkin fruit juice was diluted to 50 ml with three percent metaphosphoric acid in a 50 ml volumetric flask. Then, the aliquot was titrated with the standard dye to a pink end point (persisting for 15 s). The ascorbic acid content is then calculated from the titre value.
Sugar analysis Reducing and total sugars were estimated by using the calorimetric methods (Somogyi 1945 ). An aliquot of juice was extracted and the clear juice (10 ml) was added to 15 ml of 80 % ethanol, mixed, and heated in a boiling water bath for 30 min. After extraction, 1 ml of saturated lead acetate (Pb (CH 3 COO) 2.3 H 2 O) and 1.5 ml of saturated sodium hypophosphate (Na 2 HPO 4 ) were added and the contents were mixed by gentle shaking. After filtration, the extract was made up to 50 ml with distilled water. An aliquot of 1 ml extract were taken and diluted to 10 ml with distilled water. Then, 0.5 ml aliquot of extract was taken and made up to 1 ml. To this 1 ml of copper reagent was added in a test tube and heated for 20 min in a boiling water bath. After heating, the contents were cooled under running tap water without shaking. Arsenomolybdate color reagent was added, mixed, made up to 10 ml, and left for about 10 min to allow color development, after which the absorbance was determined by a spectrophotometer at 540 nm. For total sugar determination, sugar was first hydrolyzed with 1 N HCl by heating at 70°C for 30 min. After hydrolysis, the determination of total sugar was made by following the same procedure employed for the reducing sugar. Blanks were prepared using distilled water instead of extract.
Sugar to acid ratio The sugar to acid ratio of the fruits was calculated by dividing TSS to total TA of the fruits (FAO 2001) .
Data Analysis The experimental design was arranged with 20 pumpkin accessions, three pre-drying treatments and two drying methods in split plot with three replications. Significance tests were made by the analysis of variance (ANOVA) for completely randomized design (CRD) and in split plot design according to Gomez and Gomez (1984) . ANOVA was carried out with an MSTAT-C software package (MSTAT, Michigan Univ. East Lansing). Comparisons of the treatment means were done using Duncan's multiple range test (Duncan 1955) .
Results and discussion
Drying time The initial moisture content of pumpkin fruit ranged from 89 % for pumpkin accession 8007 to 94 % for pumpkin fruit accession 1307. The moisture loss was faster during oven drying than during uncontrolled sun drying ( Fig. 1) . The oven dried pumpkin fruit slices required about 20 h to reach 10 % moisture content while sun drying took 28 h to attain the moisture content of 10 %. This result agrees with the finding of Rahman and Lamb (1991) who reported that oven drying enhances moisture loss from the fruit and vegetables when compared with uncontrolled sun drying. Sun drying requires longer drying time and depends on the environmental conditions such as ambient air temperature and relative humidity (Rajkumar 2007) . On the other hand, pumpkin fruit accessions had significant (P≤0.05) influence on the time of drying (Fig. 1) . The time taken for all pumpkin fruit accession to reach 10 % moisture content ranged from 20.3 to 28.3 h. Pumpkin fruit accession 8007 took short drying time of 20.3 h to attain 10 % of moisture content which was followed by accessions 5207. The three pre-drying treatments had significant (P≤0.05) effect on the time of drying (Table 3) . Salted pumpkin fruit slices that was dried in the oven had significantly (P≤0.05) shorter time of drying (23.8 h) and was followed by blanched pumpkin fruit slices (24.2 h) while untreated control pumpkin fruit slices took longer time of drying (25.1 h). This result was found to be in positive agreement with the findings of Mayor et al. (2006) that clearly showed that salt solution dipping reduces the time of drying. The data presented in this study confirmed that the main advantage of pre-drying treatment is shortening the time of drying and then resulting in lower energy requirements for drying (Tsotsas and Mujumdar 2012) . Blanching reduces the time of drying through reducing the firmness of fruit tissue and facilitates moisture diffusion from sample fruit slices and thereby reducing the required time of drying (Brennand 1994) . Blanching is one of the most widely used predrying treatments in the dehydration procedures of most fruits and vegetables (McBean et al. 1964) . Research reports clearly showed that using appropriate drying conditions and pre-drying treatment significantly reduces the drying time of other fruit and vegetables (Park et al. 2002; Simal et al. 1997) .
The two-way interaction between drying methods and pre-drying pretreatment significantly (P≤0.05) affected the drying time of pumpkin accession (Tables 1and 2 and Fig. 2 ). Salted pumpkin fruit accession that were subjected to oven-drying required short drying time (18 h) which was followed by blanched oven dried sample (20 h) to attain 10 % moisture content. Sun dried pumpkin fruit took relatively longer drying time (32 h) to attain 10 % moisture content (Table 3) . Total soluble solids TSS content of pumpkin was significantly (P≤0.05) affected the two drying methods. The TSS content of sun dried pumpkin was found to be lower when compared to that of the oven dried pumpkin fruit slices (Table 2) . Eissen et al. (1985) showed that the sun drying took longer drying time causing loss of some volatile oils, esters and readily oxidizable substances like ascorbic acid during the drying process. The pumpkin accessions had significant (P≤0.05) effect on the TSS content of the dried fruit. Pumpkin fruit with accessions 8007 had the highest TSS content (11.8 ○ Brix) while accession number 3907 had the lowest value of TSS (5.4 ○ Brix). The result of this study, agreed with the report of Culpepper and Moon (1945) and Murakami et al. (1992) , which found the variation in TSS in different pumpkin genotype.
Generally, the TSS of dried pumpkin fruit was found to be higher when compared to the TSS content of fresh pumpkin fruit slices of the accessions. The reason for the increment of TSS content of pumpkin fruit that was subjected 10 % salt solution dipping treatment could be associated with the fact that salt moves from high concentration region in the solution to the pumpkin fruit slice. Since salt is one of the components of TSS it may increase the TSS of dried pumpkin fruit (Daniel et al. 1995; Harvey et al. 1997) which was noticeable in this results.
Overall, the dried pumpkin fruits retained the TSS content due to salt solution treatment. Salting showed about 16.2 % more TSS than the TSS content in the control samples. The TSS content of slices that were subjected to blanching had 13.0 % more TSS over the fruits dried without pretreatment. The results of this experiment are in agreement with the finding of Mayor et al. (2006) which showed that pre-treating pumpkin fruit with salt solution before drying reduces nutrient lose and reduces the time of drying. Lenart (1996) also reported that pre-drying treatment of pumpkin fruit increases the TSS content of dried fruit. TSS of fruit includes sugar, organic acids, amino acids, soluble pectins, and mineral salts (Rahman and Lamb 1991; Karathanos et al. 1995) . Thus, salting could be a reason for the slight increment of TSS content in the slices that were subjected to blanching. The reason for the increment of TSS in blanched pumpkin fruit slices over untreated pumpkin fruit is that blanching reduce loss of quality of dried product by shortening the drying period and by the inactivation of the enzymes responsible for the loss of compounds and by stabilizing pectin and also coagulating such components (Brennand 1994; Lenart 1996; Simal et al. 1997; Park et al. 2002) .
The two-way interaction between drying methods and predrying treatment significantly (P≤0.05) affected the TSS content of dried pumpkin fruit accessions (Table 2) . Salted and fruit dried in the oven had the highest TSS content (9.2 ○ Brix) while the lowest TSS content (7.3 ○ Brix) was recorded in untreated (sun dried without pre-treatment) pumpkin fruit slices which is in agreement with the findings of several reports (Lenart 1996; Simal et al. 1997 and Park et al. 2002) . Rajkumar (2007) also reported that treating fruit and vegetables before drying saves lose of volatile compound and vitamins later during drying which could better explain the result of this study.
The two-way interaction effect of accession and predrying treatment was significant (P<0.05) on the TSS content of dried fruit of the 20 pumpkin accessions (Table 4) . Salt solution treated and dried fruit of pumpkin accession 8007 had the highest TSS content (12.6 ○ Brix) which was followed by same accessions that was subjected to blanching before drying (11.9 ○ Brix). Non-treated control pumpkin fruit slices from accession 3907 had the lowest TSS content (4.7 ○ Brix). In general, pumpkin fruit slices dipped in 10 % salt solution contains more TSS content for all accessions which was followed by blanched pumpkin fruits slice samples. The result clearly showed that the importance of pretreatments to improve the quality of dried slices which are in agreement with the finding of Mayor et al. (2006) that reported using salt solution as a pre-drying treatment improves the TSS of pumpkin fruit.
Sugar content
The total sugar content of dried slices was significantly (P≤0.05) affected of pumpkin fruit accessions Table 4 ). The total sugar content of dried pumpkin fruit ranged from 3.0 to 9.3 g 100 g −1 . The sample slices from pumpkin fruit accession 8007 had the highest total sugar content while the slices from accession 9107 (2.5 g 100 g −1 )
had the lowest total sugar content. The result corresponds with the report of Culpepper and Moon (1945) and Murakami et al. (1992) that showed the presence of a great variation in the total sugar content of pumpkin varieties. In this study, drying methods and pre-drying treatments had no significant (P≥0.05) effect on the total sugar content of dried pumpkin fruit sample slices. Similarly, Wagne et al. (2001) also reported that drying can not affect the sugar content of fruit and vegetables which is in agreement with the findings of this study. Similarly, significant (P≤0.05) difference was observed in reducing sugar content of dried pumpkin fruit accessions. Higher concentration of reducing sugar (5.9 mg 100 g −1 ) was recorded in dried fruit of pumpkin accession number 4707 with about 3.5 % increase when compared to the concentration of reducing sugar in the fresh pumpkin fruit. The lowest (1.14 g 100 g −1 ) reducing sugar content was recorded in pumpkin fruit accession 3907 which also had about 6 % more than the concentration reducing sugar that was found in the fresh fruits. Neither the two-way nor the three-way interaction had significant effect on the total and reducing sugar contents which is in agreement with the findings of Wagne et al. (2001) .
Titratable acidity The drying methods significantly (P≤ 0.05) affected the TA of dried pumpkin fruit. Oven dried pumpkin fruit had the lowest TA (2.4 %) when compared to the TA of pumpkin fruit dried under open sun drying (2.8 %) ( Table 2 ). Many studies reported that organic acids are produced within the fruit from stored carbohydrate material (Sakiyama and Stevens 1976) . The increment of TA in sun drying samples may be due to the conversion of carbohydrate to this acid through extended time of drying. Brennand (1994) also reported that the extended time of drying in sun dried fruit and vegetables cause high quality losses. The pumpkin accessions had effect (P≤0.05) on the TA of dried fruits which varied between 2.1 and 3.0 % in this study (Table 2) . Pumpkin accessions 8007, 7607 and 4707 had the highest titratable acid content while the lowest TA was recorded in accession 7707. Sudhakar et al. (2003) showed that pumpkin fruit quality is highly influenced by genetic factor which corresponds to the result of the current study. Seymour and McGlasson (1993) also reported fruit compositions like TA vary from cultivar to cultivar and from year to year among cultivar which is clearly shown in this study.
Pre-drying treatment significantly (P≤0.05) affected the TA of the pumpkin cultivar. The untreated pumpkin fruit had the highest TA (3.4 %) which was about 35.6 % more than those of the TA of the blanched fruits and 87.4 % more than the TA of fruit slices subjected to 10 % salt solution dipping. The result agrees with the previous report that showed dipping product in osmotic solutions and blanching reduce fruit acidity by leaching the titratable acid from the product, by reducing the action of microorganism and enzyme in the product (Ponting 1973; Brennand 1994) The two-way interaction between drying methods and pre-drying treatment had highly significant (P≤0.05) effect on the TA content of 20 dried pumpkin fruit. Control sun dried pumpkin fruit that were had the highest TA (3.7 %) which was followed by control pumpkin fruit subjected to sun drying (3.2 %). The lowest TA content was recorded in oven dried pumpkin fruit slices dipped in 10 % salt solution before drying. The quality of dried product can be improved by using appropriate pre-drying treatment and good drying conditions (Mujumdar 1997; Rajkumar 2007) . Dipping of fruit and vegetable in osmotic solution (salt and sugar) before drying improves the nutrient content (Karathanos et al. 1995; Lenart 1996; Park et al. 2002) .
Ascorbic acid The drying condition significantly (P≤0.05) affected the ascorbic acid (AA) content of the pumpkin fruit accessions where oven dried fruits recorded to contain the higher AA than the sun dried pumpkin fruits (Table 2) . This result agrees with the report of Nunes and Emond (1999) which showed the sensitivity of AA to temperature and sun light which could be attributed to that the reason for the higher loss is usually associated with sun drying methods than those which were subjected to oven drying.
Pumpkin accessions had significant (P≤0.05) effect on the AA content of the pumpkin fruit slices. The AA content varied between 2.2 and 5.9 mg 100 g −1
. Pumpkin fruit of accession number 8807 (5.9 mg 100 g −1 ) had the highest AA content which was followed by accession number 3607 (5.7 mg 100 g −1 ). The lowest AA content was recorded in pumpkin fruit slices from accession number 7207 (2.2 mg 100 g −1 ). Similarly, the pre-drying treatments had significant (P≤0.05) effect on the AA content. Higher value of AA (4.9 mg 100 g −1 ) was found in the dried fruits slices that were subjected to salt solution dipping treatments before drying while the lowest AA content was recorded in untreated (control) pumpkin fruit (3.1 mg 100 g −1 ).
The interaction effect of pre-drying treatment and drying methods was significant (P≤0.05) effect on the AA content of dried fruits ( Table 2 ). The AA content of salted and oven dried pumpkin fruit slices was found to be the highest compared to the AA contents of the remaining pre-drying treatment and drying methods or their combinations. This could be due to the fact that salt can deactivate the enzyme by rapid loss of water. The result of this study is in agreement with the finding of Shi et al. (1999) . Brennand (1994) also indicated that blanching reduces the loss of AA content in dried pumpkin fruit slices by reducing the spoilage by microorganisms, stopping ripening processes and coagulating some of the soluble constituents. Other research report also showed that blanching reduces the loss of AA by reducing the action of peroxides enzyme activity that causes significant loss of AA (Rajkumar 2007) . Generally, dried pumpkin fruit slices had significantly (P≤0.05) lower AA content compared with the AA content of the fresh pumpkin fruit slices. The reduction in AA of sun dried pumpkin fruit slices was significantly (P≤0.05) higher than those oven dried ones. Rajkumar (2007) reported that the uncontrolled sun drying fruit and vegetables can cause significant losses of AA content of fruit and vegetables. The loss of AA in pumpkin fruit dipped in 10 % salt solution before drying was significantly (P≤0.05) and which was followed by the loss of AA in blanched pumpkin fruit under both drying conditions. The reduction of AA content was higher for untreated (control) pumpkin fruit slices that were dried by both drying methods. Many researcher reported that drying significantly cause the loss of AA (Brennand 1994; Takeoka et al. 2001 ) which agrees with the findings of the present study. It was also reported that pre-drying treatment significantly reduces the loss of AA of other fruits and vegetables during drying (Shi et al. 1999) , which was also confirmed by the data presented in this study.
pH Value Oven drying had significant (P≤0.05) effect on the pH value of dried pumpkin slices. Oven dried fruits had more pH value than sun dried fruits slices ( Table 2 ). The reduction in pH value of sun dried pumpkin fruit slices may be due to synthesis of organic acid from carbohydrate over the extended period when fruit slices are subjected to sun drying (Sakiyama and Stevens 1976) . Paulson and Stevens (1974) showed that pH value was highly correlated with TA which is in harmony with the present result reported in this study.
There was significant (P≤0.05) difference among the pH values of the dried pumpkin fruit accessions. The pH values of the dried fruits ranged between 5.1 and 6.2 mg 100 g −1 .
The earlier studies by Paulauskiene et al. (2006) also showed that there was great variation in pH values of pumpkin genotypes. Drying appeared to slightly decrease the pH of all pumpkin fruit. Higher pH value was found in dried pumpkin fruit with accession number 7707 (6.2) while the lowest (5.1) pH value was recorded in accession number 4707. This accession also had the highest titratabe acidity in the dried fruits slices. On the other hand, pre-drying treatment significantly (P≤ 0.05) affected the pH value of dried pumpkin fruit ( Table 2) . The fruit slices dipped in 10 % salt solution had the highest value that was followed by blanched. Untreated control pumpkin fruit slices had the lowest pH value. The pumpkin fruits slices that were subjected to the blanching treatment had intermediate pH value which was significantly (P≤ 0.05) different from both untreated and salted fruits slices.
The previous works also showed that pre-drying treatments increases the pH value and reduces the fruit acidity of pumpkin fruits (Ponting 1973) . The pH value of pretreated pumpkin fruit may be reduced due to the increment of TA of dried pumpkin fruit since pH value and TA had inverse relationship (Paulson and Stevens 1974) .
Total soluble solid to acid ratio Drying methods had significant (P≤0.05) effect on the TSS to TA ratio (Table 2) . Oven dried Pumpkin fruit had about 21.9 % TSS/TA ratio than the value in sun dried pumpkin fruit slice samples. There was significant (P≤0.05) difference in the TSS/TA ratio among the pumpkin fruit accessions. The TSS/TA ratio varied between 2.5 and 4.3. Pumpkin fruit accession number 8007 had the highest TSS/TA, which was followed by TSS/TA ratio of accession number 4707 (3.9). Pumpkin fruit accession 3907 was found to have lowest TSS/TA ratio which was lower by 27.2 % from average value of the accessions and 41.5 % lower than accession that have the highest value of TSS/TA (4707) respectively under both drying conditions and three predrying treatments. Fruit TSS/TA is highly related with the flavor and sensory quality of pumpkin fruit. Pumpkin fruit with high TSS and acid content have good flavor and sensory quality (Daniel et al. 1995) . The result of this finding agrees with the findings of Harvey et al. (1997) which indicated that the TSS and titratable acid content of pumpkin fruit vary from genotype to genotype.
The TSS/TA ratio were also significantly (P≤0.05) affected by the three pre-drying treatments where salted pumpkins slices had the highest TSS/TA ratio. The untreated control fruit slices had the lowest TSS/TA ratio. 10 % salted solution dipped pumpkin fruit slices had the highest sugar to acid ratio (4.3) which was followed by blanched pumpkin fruit slices (3.4). The untreated pumpkin fruit slice samples had the lower (2.7) TSS/TA ratio. Dried fruits that received blanching treatment recorded intermediate TSS/TA ratio which differed significantly TSS/TA ratio from fruit slices that were subjected to the other two pre-drying treatments.
The two-way interaction between drying methods and predrying treatments was found to be significant (P≤0.05) on the changes in the TSS/'TA ratio of the dried pumpkin fruit accessions (Table 3) . Salted and oven dried pumpkin fruit slices had the highest TSS/TA ratio (4.3) which was followed by the TSS/ TA ratio of salted and sun dried pumpkin fruit slices (3.9). The lowest TSS/TA ratio was recorded in the control and sun dried (2.5) pumpkin fruit slices. Since, the TA content of the untreated pumpkin fruit slices was very high, the ratio of TSS/TA was high in untreated pumpkin fruits slices.
The two-way interaction between accessions and pre-drying treatments was significant (P≤0.05) difference on sugar to acid ratio of dried pumpkin (data not shown). Pumpkin fruit accession 8007 subjected to 10 % salt solution dipped treatment had the highest TSS/TA ratio (5.9) which was followed by pumpkin accession 4707 subjected to the same pre-drying treatments (5.4). The lowest TSS/TA ratio was recorded in the untreated pumpkin fruit slices from accession number 3907 that had the lowest TSS/TA (1.5). In general, the untreated sun dried pumpkin fruit had the highest TSS/TA ratio which was preceded by blanched pumpkin fruit dried under both drying conditions. Salted pumpkin fruit had the lowest TSS/ TA ratio. Pre-drying treatment improve the quality of fruit by reducing the losses of flavoring substance, reducing the action of microorganism, reducing the action of enzymes and by reducing the loss of some soluble substance (Ponting 1973) .
Conclusion
Accession had significant (P≤0.05) influence on TSS, TS, RS, AA, TA, pH value, sugar to acid ratio and the time of drying. Pumpkin fruit accession 8007 had the highest TSS, TS and sugar to acid ratio. Pumpkin accession 8807, 4707, and 7707 had highest AA, RS and TA, and pH value after drying, respectively. Pre-drying treatments had significant (P≤0.05) effect on changes in dried pumpkin fruit slices. Salted pumpkin fruit slice sample had the highest TSS, AA, sugar to acid ratio, pH value, lower TA and shorter time of drying. The untreated pumpkin fruit slices had the lowest chemical concentration after drying with the longest time of drying of 28.3 h. Among the three pre-drying treatment used salt solution dipping treatment was efficient pre-drying treatments in many ways. The two way interaction effect of drying methods and pre-drying treatment was significant (P≤0.05) on changes in quality. Drying methods (oven and sun) had significant (P≤0.05) effect on changes in chemical quality of pumpkin fruits. Oven dried pumpkin fruit slices had the highest TSS, AA and pH value and TSS/TA ratio, lower TA and shorter time of drying. Sun dried pumpkin fruit had lower TSS, AA and pH value and TSS/TA ratio, higher TA and longer time of drying. The two-way interaction between accessions and pre-drying treatments was found to be significant on changes in quality attributes of dried pumpkin fruit slices, at 0.05 levels of significance. Pumpkin accessions 8007, 8807, 4707 and 7707 had superior nutritional quality after drying. Among the three pre-drying treatments used, salt solution dipping was efficient pre-drying treatment to improve the quality of the dried pumpkin fruit slices.
